Certain changes in pulse shape do not affect the resolution capability of a sonar system. These changes can be expressed as mathematical transformations that leave invariant important properties of the wide-band ambiguity function. Such transformations provide a large number of signal and filter functions, all of which satisfy a given range-Doppler resolution requirement. The sonar designer can then choose the signal and filter that best satisfy other system constraints (e.g., ease of signal generation and filter synthesis, clutter suppression capability, and peak power).
INTRODUCTION
When echoes are detected by means of a correlation process, the capabilities of a sonar system can be described in terms of the wide-band cross-ambiguity function. Although this function depends upon the sonar signal-filter pair, there are transformations of signal and filter that will not affect certain properties of the ambiguity function.
Such transformations suggest the existence of alternative waveforms that will satisfy a particular rangeDoppler resolution requirement. Having found alternatives, the designer can then choose the signal and filter that best satisfy other system constraints2 Invariance transformations are also important to the study of animal echolocation. Dolphins, for example, are capable of using a bewildering variety of echolocation waveforms. Suppose, however, that all these waveforms are related by signal transformations that leave invariant a certain system capability. There would then be strong evidence that the invariant capability is of primary interest to the animal. The auto-ambiguity function is an important special case of the cross-ambiguity function and corresponds to a system that optimizes output signal-to-noise ratio. We are interested in signal transformations that do not affect certain properties of the wide-band ambiguity function. Cross-ambiguity functions will be used whenever possible, since auto-ambiguity results immediately follow as a special case. 
VI. Suppose that u(t) and v(t) are either even or odd; either u(t)=u(-t), v(t)=v(-t) or u(t)= -u(-t), v(t)=-v(-t). If f(t)=2«u(t)[«-l-«Sgnt• and g(t) = 2•v(t)]-«+«

It also follows that if a given causal waveform f(t) is Doppler resolvent, then u(t)=2-•[f(t)+f(--t)• is at least as Doppler resolvent as f(t)?
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A. ALTES
The above statement follows from the fact that, if v(t) and u(t) are even or odd, Property X is applicable to real signals rather than to Analytic ones. If U(t)=0 for t<0, then u(--co), the Fourier transform of U(t), cannot be Analytic. For real signals that are either even or odd, Eqs. 17 are satisfied for both u(t) and U(t), so that Eqs. 14 hold for the transformations in Property X, for s in the neighborhood of unity.
x•.t(-r, s)=2 v(t)u*[-s(t--r)-ldt = --2 v(--t)u*[---s(t+r
IX. If f(t)=u(t) exp(•/•log]tl) and 'g(t)=v(t) Xexp(&jk log I t{ ), then lxo/(O,s)re= I x•(0,s) I •. X. If f(t)=(2r)-iU(t) and g(t)= (2r)-IV(t), then
An illustration of Property X, as applied to real, 6dd
signals, is shown in Figs. 1 and 2. Figure 1 (a) shows an optimum signal for velocity discrimination. 7 Figure  l(b) shows the ambiguity function of the signal in Fig. l(a). Figure l(c) shows the r=0 profile of the ambiguity function. Figure 2(a) shows the Fourier transform of the waveform in Fig. 1 (a) . The corresponding ambiguity function is shown in Fig. 2(b) , and the r=0 profile of this function is shown in Fig. 2(c) 
